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ABSTRACT 
The e f f e c t s  of n i t r o g e n ,  w a t e r ,  and tpmpera t l r re  on ~ o m p r ~ n e n t ~  
of l e a f  a r e a  i n  s o r g h m  [sorghum b i c o l ~ r  ( L . )  k e n c h ]  drown on 
a V e r t i s o l  d u r l n g  t h e  p o s t r a i n v  s e a s o n  a t  P a t a n c h e r ~ i .  I n d l a  
a r e  d e s c r i b e d .  The rumbtned e f f e c t  of n i t r o g e n  and w a t e r  s t r e s s  
reduced  l e a f  d r e a  deve lopment ,  r e a u l t l n g  In 1t.sscr r a d i a t i o n  
i n t e r c e p t i o n  and lower c r o p  y i e l d s .  N i t r e g e n  s t r r s q  r ~ d ~ ~ ( e d  
y i e l d s  mDrr t h a n  w a t e r  s t r e s s .  
The lmporcance of l e a f  a r e a  i n  ~ l e t e r m l n i ~ l g  L . ~ r ~ u p v  p h o t ~ - i v n r h e s l u  
and w a t e r  used b y  n c r o p  18 w e l l  r c r o g n i z e d .  Alt l lough t h r  r t l u c r q  c > !  
water r l ipply and n i t r c g e n  f e r r i l i z r r  on t h e  v l e l d  of qorghum [Sowe 
b i c o l o r  (L . )  ~ o e n c h ]  ' I r e w e l l  documented,  t h e  c f f r c t  o i  Lheae f n r t a r .  
and t h e i r  l n t e r < ~ c t i ~ n s  on i e ~ f  a r e a  devt.;,,prnent . ~ n d  d u r a t i o n  h, ls  nor 
been s y a t e m a t l c a l l y  l n v e c i t l & r t e d .  
In  t h i s  paper  we r e p o r t  t h e  v f f e r t  of n l t r o ~ r n  .rnd w n t e r  u t ~ p p l v  on 
leaf emergence,  e x p a n s l ~ n .  ~ n d  q e n e u c a n < e  i n  -ioruhum. t f f r c  t s  of 
environmenrdl f a c t o r s  on l e a f  c x t e n a i o n  r d t e a  a r c  . i i u o  ( 1  l s r ~ r e ~ r i l .  
UTERIALS LVD YETHODS 
Re exper iment  was condua . r rd  un a V ~ . r t l s o i  ( 2 - m  t l r r p )  a t  Ii'UISAi 
Center d u r i n g  t h e  p o s t r a l n v  s r d a o n  f 0 l l o w 1 1 1 ~  an un!err 11 1zctl T A J ~ I . C  
crop  grown i n  t !~e  r a i n y  s e a s o n .  A p p r o x i ~ ~ t r l y  11 k j n  of NO] N vn:, 
p r e s e n t  i n  t h e  t o p  110 .:m of t h e  9(1ll  b e f o r e  planting. Sorghum h:/br!d 
CSH-dR was sown on 2 3  Oct 1981, w i t h  p l a n t @  8  im a p a r t  l n  1 5  im rc'wa. 
The t o p  188 cm of s o i l  c o n t a i n e d  2 3  cm of . t v o l l a b l e  w a t e r .  A l l  t l i r  
p l o t s  v e r e  f e r t i l i z e d  w i t h  s l n g l e  s u p e r p h o a p h a t e  ( 2 6  kg P l t i a ) .  N i t r o y e n  
(-in p l o t s )  and i r r i g a t i o n  ( s u b p l o t s )  t r e a t m e n t s  wet. a p p l l r d  Ln a  
8 p l i t - p l o t  d e e i g n .  Each t r e a t m e n t  was r e p l i c a t e d  t w i c e .  T'te n l f r , > i ( e n  
t r e a t m e n t s  were :  
1 )  Hg : No u r e a  a p p l i e d  
11) Nag : 114 kg u r e a f h a  i n c o r p o r a t e d  b e f o r e  9owlng. 
f i e  i r r i g a t i o n  t r e a t m e n t s  were :  
1 )  M T  : 2 cm wacer a t  sowing and l r r i g a t l o n a  t o  r e c h a r g e  t h e  p r o f i l e  
a t  10 and 50 day# a f t e r  sowing (3AS). 
11) D R Y  : No i r r i g a t i o n  e x c e p t  2  c 8  w a t e r  a t  sr.wlng. 
Submitted a s  C.P. No. 95  by t h e  International Cropr Reacarch  I n @ t i t l r t e  
f o r  t h e  Semi-Arid .Tropics  (ICRISAT). 
The time of ewrgence, time to full expansion (time of appearance 
of the ligule), and senescence of each leaf were mnitored on alteraate 
days in randomly selected eight plants froe each plot. Leaf extension 
rates (LER) on 16 plantelplot were measured as described by Wade (1980). 
The interception of radiation by the crop (using the solarimeters), leaf 
area, and soil vater content (by neutron probe) were measured at 
approximately 10-day intervals. 
EXMINATION OF THE t3(PERIWXTAI. DATA 
Crop growth was affected more by nitrogen than by water supply 
F i g .  There was 23 cm of available water at swing,and the waporativt 
demand during the season was low (about 4 mnlday), therefore the DRY 
treatment suffered only mild water Rtress during the later part of the 
meason. 
Fig.1. The effect of nitrogen and water on sorghum development 60 days 
after sowing under the following treatments: 
A. 80 kg N/ha; Irrigation (NBO W T )  B. No nitrogen, Irri~ation (NO YFT) 
C. 80 kg N/hn; No irrigation (Ngo D R Y )  D. No n1trogt.n. No irrigation (Hg 
Leaf nlnnber and emergence (Flg.2) 
In the Ngo WET treatment, 15 1c.tvcs were produced in 57 MS; the 
N80 DRY required 2 days longer, but produced the same number of leaves. 
Only 14 leaves were produced under Ng in 72 and 74 DAS, with and 
without irrigation (No VET and No D R Y ) .  respectively. Individual 
leaves of No plants took 13 (leaf h )  to 20 (leaf 14) w r e  days to 
emerge than those under N80. 
- I r r i g a t e d  
- U n i r r i g a t e d  




Fig. 2 .  Time o f  e m e r g e n c e ,  f u l l  e x p a n s i o n ,  nnd  l o n y , r v t  t v of Ic..lv~.*t 1 1 1 i , l 8 . t  
d i f f e r e n t  i r r i g a t i o n  t r e a t m e n t s .  [ o n l y  a l t c r n n t c  (c-vc.n) It..~vc.*; 1 1  I ,  
rhovn; t h e r e  w e r e  15 l e a v e s  u n d e r  Ngo a n d  14 ~ l n d r r  N ~ ] .  
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D u r a t i o n  o f  e x p a n s i o n ,  s e n e s c - c n c r ,  nnd l o n g ~ v _ I f ~ f _ I ~ n v r n  - ( F I E . . ' )  
Under  n i t r o g e n  s t r e s s ,  t h e  d t r r n t i o n  o f  l c n f  c x p n n s i n n  was; . i l n ~ ~  I 
and 4 d a y s  l o n g e r  f o r  l e a f  4 a n d  1 2 ,  r r s p e c t i v c l y ,  t h n n  u n r l r r  NHO W i  T .  
The l o n g e v i t y  o f  l e a v e s  u n d e r  No wan d r r n t  i c n l  l y  rrcl t~cccl  I 1 9  7-!5 I ~ I I Y .  
l e s s  t h a n  u n d e r  N80. T h u s  No p l a n t .  a l u r y a  hnd 1 - 2  I r s n  RfP1.n I I ~ ? v ~ . I  
than Ngo t h r o u g h o u t  t h e  n e a a o n .  T h e  d u r n t  i c l r i  of  r x t c n s l o n  W . I V  1117, 11 1n1-8 c '  
m d e r  w a t e r  s t r e s s .  w h i c h ,  h o v e v c r .  r c d u c e d  thr. l n n ~ r v l  t y nf I r .  I V I . ~  m' I r 
under N8, t h a n  u n d e r  N 0' 
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Lcaf e x t e n ~ i o n  r a t e s  (LER; F i g . 3 1  
I n  t h e  g r a s s e s ,  when n i t r o g e n  n n d  w a t r r  n t r r s q  n t r -  11,. 1 , 1 1  
a rea  d e v e l o p m e n t  is l a r g e l y  d e t e r m i n e d  by  t l ~ r  tc.mpc.rnf llrr. ( I ' r s .~ ,  , b 
1975). D i u r n a l  LER c l o s e l y  f o l l o v e d  t h c  tCrapc . rn t t l r r  111 n l  l  t t f r t l , t ~ f  
Ugg YET showed h i g h e s t  LER. N i t r o g e n  a t r r n s  hnd .i grcbar t . r  r . f  I N ,  f 1 1 1  
r educ ing  LER t h a n  w a t e r  s t ress s f n c c  t h r  l n t t r r  Rt rcLr i l  V I V  q 1 1 1 f ~  m f l ~ l .  
R e g r e s s i o n  o f  LER o n  t e m p e r a t u r e  wee  h l ~ h l y  s i ~ n l f l c . ~ r ~ r  I O I  1 1  1 
t r e a t m e n t s  ( P  c 0 . 0 1 ) .  R e g r e a a i o n  e n t i m n t r  of I.FR 1 t  l'rnr I I I  ' e , ,  ' 1 
VR* 49% lover t h a n  i n  Ngo VeT; i t  v a ~  o n l y  4 0 2  l o w e r  1 1 1  ' 6 q , f  ' I  1 
N i t r o g e n  a n d  w a t e r  s t r e s a  t o g e t h e r  r e d u c e d  LFR hy 5 b 2 .  
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F i g . ) .  D i u r n a l  v a r i a t i o n  i n  lenf r x t e n u i o n  r n t e a  and a i r  t e m p e r a t u r e  
4 0  d a y s  a f t e r  s o v i n g .  
Lenf a r c s  p r o f i l e  ( F i g . 4 )  
-- 
The amrimma n r c a  o f  c n c h  l c n f  i n  a  p r o d u c t  o f  d u r a t i o n  o f  l r n f  
e x p a n u i o n ,  LER. and l c n f  v i d t h  (Wade 1980). Individual l e a f  n r e a  was 
a f f e c t e d  more  by n i t r o g e n  t h a n  by w a t e r ,  wh ich  was  a p p a r e n t  f r o w  t h e  
f i l t h  l e a f  onwards .  
2 Leaf area (cm /leaf) 
- Irrtgatcd 
- - - -  Untrrlgated 
IS, > 
Fig .4 .  Area  o f  i n d i v i d u a l  l e a v e s  u n d e r  d i f f e r e n t  i r r i g a t i o n  t r e a t m e n t t i  
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Leaf area index (MI) and radiation interception (Fig.51 
The combined effect of area per leaf and n u b e r  of green lenver 
determines the M I .  This was drastically reduced under nitrogen stress, 
and less so under water stress, from 40 DAS. Consquently, the 
intercepted radiation (IR) was also lov under No (Fig. 56). No DRY 
showed highest reduction in LA1 and IR. 
- I r r i g a t e d  - - - U n i r r l g a t e d  
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Days a f t e r  ~ o w l n ?  
Pig.5. Scasonnl changes in (A) l r a f  nrca Inclrx. . I I I , !  ( I \ ,  I ' 1 1 1 ~ 1  I ,  6 111 I . , I I  
under different irrigation treatments. 
Dry ratter and grain yicldn ( T n b l d -  
Crop maturity was slgniflcantly drlnycd hy t m t t i  t I 1 3 .  . r ( -,. Inr  ! , ' I ,  , 
but nitrogen stress delayed it l o n ~ r r  tttsn u n t r r  s t r r n . 1 .  :111, c . 1  l v r ! f +  ( 1 1  
n t e r  stress on grain and dry u t t e r  yields, nnd leaf  ; t r a . N  tl11r71 Ion w I e r v  
aignificant (P <0.05)  only under NRO; effccto o f  watcr  + I T , . , . -  (ln r t t r * ~ . ,  
variables w r e  leer clearly seen t~ndcr nt t r 0 ~ c . n  l r t  r r - , I .  I !  ,!:# r ,  r 
total radiation intercepted by the canopy f o r  t.lrc. v l ~ r t l r ,  . ,. , f~ v 1 . 8  
*ignificantly reduced only under No. 
The extension of crop g r w t h  duration in by 12 days dld not 
compensate for the reduction in total dry ratter arid grain yield at 
harvest due to stress. Dry ratter yields were highly correlated vith 
leaf area duration and seasonal total intercepted radiation (r - 0.94 
and 0.88. respectively; P c0.01). The efficiency of conversion of 
radiation into dry matter was highest under N80 KET; comersely, 
nitrogen and vater stress decreased this efficiency. Grain yields 
were reduced in a higher proportion than biomass under both kinds 
of stress, although nitrogen stress effect was more severe than 
water stress. 
TAELE 1 
Effect of nitrogen and irrigation treatments on nmturity, yields, leaf 
area duration (LA1 days) and radiation interception. 
Nitrogen treatment No LSD (0.05) 
1rri8ationtreatment WET DRY WET DRY Fertility Irrigation 
Days to maturity 107 101 I19 11.5 6.4 1.5 
Total dry matter (tlhn) 9.1 5.6 3.8 2.8 3.3 1.1 ... 
Total grain yield (tlha) 5.0 2.5 1.5 1.1 0.8 0.8 " 
Lenf aren duration 182 138 69 55 1 1  15 ' 
(LA1 days) 
Seasonal radiation 949 903 632 489 130 7 5 
interception (mJ/m ) 
Dry mnttcrlrndintion 0.96 0.62 0.61 0.56 0.17 0.16 
intercept lon (g1m-J) 
CONCLUSIONS 
1. Nitrosen, and not water, was the m J o r  limiting factor iq the 
postrainy season at Patancheru vhen aor~htrn was grown on a Vertisol 
vith 23 cm of available water in the profile following unfertilized 
maize in the rainy season. 
2. The yield reductions under the experimental conditions were clearly 
connrctcd vith reduction in leaf area mainly due to nitrogen stress. 
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ZINC ~FICIE)!CY INDUCED CHANCES IN CUMGS 
Botany D o p a r b e n t ,  Lucknow Univers i ty ,  krok~iow, I n d i n  
Cnbbnge 
wore manifeet bo th  o x t a r n a l l y  rind i n t o r n a l l y .  
Compared t o  nonnal p l a n t s  mown a t  1  un t i n e  rupply, / l e a v e s  of  z inc  d c f i c i o n t  p l a n t s  w r e  mall ,  t l l ick 
and leathery, hnd +hick e p i c u t i c u l a r  wax d o p o s i t i ~ n ,  
appeared dark  b l u i s h  green and a  l o r e  propor t ion 
o f  t h e i r  stomata xwnainod closed; mosophyll c e l l s  
c o n t d n o d  l a r g e r  and more nmoroue c h l o m p l a s t s  
and s t a r c h   rains. Zinc def ic iency re r i t l t ed  i n  
decrease  i n  t h e  t i s s u e  concentra t ion of  d n c  rind 
a c t i v i t i e s  of carbonic  ,enhydraso and adenosina. 
t r iphospha tase  and markud i n c r e a s e  i n  t h e  
s t n r c h ,  and solubl a 
mGenous compounds i n c l u d i q  p m l i n o .  Zinc 
i m c y  caused marked inc reaae  i n  water 
decrenso i n  v a t e r  
poten a1 and r a t e  of water l o s s  b y  lcnveo* On 
arm? 2.g zinc  t o  aInc d e f i c i e n t  p l a n t s ,  chnncn. 
i n  metabolism and water balance  resul t in( :  from 
zinc  dof ie iency  underwent r e v e r s a l  . 
4 .&'c i s  e s s e n t i d  f o r  p l a n t s  and hno b e m  a t t r j l ~ c l t a d  n 
f loa te r  d i v e r s i t y  of r o l e s  than any o t h e r  m i c r a n u t r i n t i t ~  I t  
i r  an e s s e n t i a l  r e q u i r m e n t  f o r  over  70 enzymes beloncint: 
t o  a l l  t h e  s i x  categories, and porfonns m importnnt 
regulatory m l e  i n  s t a b i l l s a t i o n  o f  a t r u c t u r o  st t h e  
~ u b c s l l u l a r  l e v e l  ( ~ a l 1 . e  1977). I t  hne n c o n t l y  boeri 
8t trLbut.d a r o l e  i n  r eproduo t i re  p l ~ y r i o l o ~ y  (9harmn a t  n l  
1979). I n  t h i s  paper we e x d n e  tho e f f e c t  o f  z inc  n t r o n i  
on water balance of  p l a n t s  and soma o t h e r  ns o c t s  of 
metabolian having a  bear in^ on water  s t r e s a  ! Spencnr 
Possingham 1960, Cockburn st al 1968, $ i n ~ h  a t  n1 1?73) .  
XATERXAfS AND HETIIODS 
L. a r .  Cn l t n t n  L. cv. 
i n  .and c u l t u r e  [Acnt-rnln b Silnnnn 
UX ( d e f i c i e n t )  z ina  nr~pply. 
house oondl t i o n s  durin(: 
OotobelcFebruary on nitrat* type r o l u t i o n r ,  ruppl 10d d n i l y  
mund 8 a.m. A t  t h r e e  month. p w t h ,  microscoflic exmina t ionn  
w r e  l a d e  o f  t r a n s v e r r e  eoc t ionr  uad microre l i e f  i m p r e o n i ~ n a  
of l o v e r  o p l d e r d s  o f  lemver of s i n c  d o f i c i s n t  p l n n t s  ahowlnr: 
ri.iblo symptoms urd correrponding l eavor  of normnl plantn.  
T b  d c r a r e l i o f  i rpru8sionr ,  of l o v e r  m r f n c o  of l n n v r r n  were 
~ d e  4 t h  Quickfix 8dhor,ivo made by Wembley Lnborn l o r  f .ye, 
new D o l h i .  r e p l i c a  v e m  mounted i n  d i l u t e  ~ : l  y c e f - !  7 1 -  nrrci 
